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SOLIDIFICATION, STRUCTURE AND PROPERTIES OF EUTECTIC ALLOYS 
INCLUDING CONSIDERATION OF PROPERTIES CONTROL 
August 1971 
This  document r e p o r t s  progress  made on NASA Grant NGR 39-007-007 s i n c e  
November 1969. I n  t h i s  r epo r t ,  s t u d i e s  of the  e leva ted  temperature mechani- 
c a l  behavior of t he  Ni-Ni3Nb e u t e c t i c  composite w i l l  be emphasized. Other 
i n v e s t i g a t i o n s  supported by t h e  Grant ( i - e . ,  the  Eckelmeyer s tudy  of the  
Mg2Ni-Mg a l loy ,  Boulbes ' s tudy  of Bi-MnBi, and the pub l i ca t ion  of Hoover's 
papers on Ni-Ni3Nb) were d iscussed  i n  my l e t t e r  of J u l y  20, 1971. I n  
add i t i on ,  Professor  Notis ,  Ass i s t an t  Professor  of Metallurgy and Mate r i a l s  
Science, and an undergraduate s tudent  a r e  undertaking a  s tudy o f  t h e  e f f e c t  
of rod s i z e ,  spacing and composition on superconducting p rope r t i e s  of 
-al igned Sn-In e u t e c t i c  a l l o y .  Also, he i s  planning another  p r o j e c t  con- 
4 cern ing  the  phys ica l  measurement of e l a s t i c  moduli of u n i d i r e c t i o n a l  
J s o l i d i f i e d  e u t e c t i c  composites. A graduate  s tuden t  on t h i s  p ro j ec t  w i l l  probably begin t h i s  s tudy  on the Ni-Ni3Nb system. 
ELEVATED TmPERATURE PECHANICAL BEHAVIOR OF Ni-Ni3Nb 
I n t r o d u c t i o n  
Since 1965, two major i n v e s t i g a t i o n s  sponsored by t he  Nat iona l  Aera- 
n a u t i c s  and Space Admin i s t r a t i on  (NGR-39-007-007) have been conducted a t  
kehigh Un ive r s i t y  on t h e  mechanical  behavior  of t h e  Ni-Ni3Nb e u t e c t i c  
, r, 
' - 9  
composite.  Quinn, employing h o r i z o n t a l l y  grown N i - N i  3  Nb i ngo t s ,  surveyed 
t he  mechanical  p r o p e r t i e s  of t he  composite from room temperature  t o  1000°C 
wi th  ho t  hardness ,  ho t  t e n s i l e  and s t r e s s  r u p t u r e  t e s t s .  Quinn used 
me ta l l og raph i c  a n a l y s i s  t o  t e n t a t i v e l y  i d e n t i f y  a  tw in - l i ke  mode of 
deformat ion  i n  t h e  Ni3Nb phase which was found t o  ope ra t e  from room temper- 
a t u r e  t o  1000°C. F r ac tu r e  o f  t h e  Ni3Nb phase was found t o  c o n t r o l  t h e  
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f a i l u r e  o f  t h e  composite a t  a l l  t empera tures  s t u d i e d .  Quinn r epo r t ed  
u l t i m a t e  t e n s i l e  s t r a i n s  on t he  o rde r  of 2% a t  room tempera ture .  Q u a l i t +  
t i v e l y ,  u l t i m a t e  s t r a i n  was found t o  i nc r ea se  s l i g h t i y  a s  t he  temperatdrc 
was r a i s e d  t o  650°C. Above 6509C, a  t r a n s i t i o n  t o  a more b r i t t l e  type of  
t e n s i l e  f r a c t u r e  was no ted .  
Hoover, employing an improved v e r t i c a l  soLidi :Eicat ion technique,  
r epo r t ed  u l t ima t e  s t r a i n s  on t h e  orc'er of 15% st room tempera ture  wh1.12 
obse rv ing  on ly  a s l i g h t  dec r ea se  i n  s t r e n g t h  over  t hose  va lue s  r e p c r t e d  "y 
Quinn. Hoover conclusive1 y  i d e n t i f i e d  the  t e n s i l e  dcforr03'ii~.3r7 nr.Je o f  t r y e  
Ni3Nb a s  { I l 2 ]  t ype  twinning followed by twin bounda ry  c r ack ing .  Ro~m 
temperature  r e s u l t s  i nd i ca t ed  t h a t  t h e  unique L ~ ~ ~ t i l l t y  of t he  m a t e r i a l  was 
d i r e c t l y  r e l a t e d  t o  t h e  improved m i c r o s t r u c t u r a l  a l ignment  achieved by 
v e r t i c a l  s o l i d i f i c a t i o n .  
It is  t h e  p1:rpose of t h e  c u r r e n t  i n v e s t i g a t i o n  t o  c h a r a c t e r i z e  t h e  
e l e v a t e d  temperature  mechanical  response of v e r t i c a l l y  grown N i - N i 3 N b  by 
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a n a l y z i n g  h o t  t e n s i l e  and s t r e s s  r u p t u r e  t e s t  r e s u l t s .  M e t a l l o g r a p h i c  
a n a l y s i s  w i l l  be conducted i n  hopes o f  e x t e n d i n g  c u r r e n t  unders tand ing  of 
t h e  compos i te ' s  de format ion  and f r a c t u r e  modes t o  e l e v a t e d  t e m p e r a t u r e s ,  
Procedure  
E f f o r t s  were d i r e c t e d  towards u n i d i r e c t i o n a l l y  s o l i d i f y i n g  aplproxi- 
mate ly  40 i n g o t s ,  9/16 inches  d iamete r  by 5  3/4 inches  long f o r  t h e  mechani- 
c a l  t e s t  program. Master h e a t s  were i n d u c t i o n  mel ted i n  a n  alumininn oxide 
c r u c i b l e  under a  p o s i t i v e  p r e s s u r e  o f  a rgon .  For  t h i s  s t u d y  t h e  e u t e c t i c  
composi t ion was t a k e n  t o  be 22.3 w/o Nb. The charge  was poured i n t o  a  
s t e e l  s p l i t  mold coa ted  wi th  a n  MgO mold wash. D i f f i c u l t i e s  encountered 
i n  m e l t i n g  mas te r  h e a t s  of t h e  m a t e r i a l  r e s u l t e d  i n  a  two month d e l a y  i n  
t h e  p r o g r e s s  of t h e  p r o j e c t .  Ex tens ive  e x p e r i m e n t a t i o n  wi th  c a s t i n g  
parameters  r e v e a l e d  t h a t  t h e  mol ten  charge r e a c t e d  wi th  chemica l ly  c a m b i ~ e d  
wate r  i n  t h e  MgO mold wash. By d e h y d r a t i n g  MgO powder a t  2000°F f o r  24 
hours  and t h e n  mixing it i n  e t h y l  a l c o h o l  i n s t e a d  o f  water ,  t h e  problem 
was e l i m i n a t e d .  As-cas t  p i n s  were u n i d i r e c t i o n a l l y  s o l i d i f i e d  i n  aluminum 
oxide  c r u c i b l e s  under a  p o s i t i v e  argon p r e s s u r e  a t  a  growth r a t e  o f  
4 .7  cmjhr.  M e t a l l o g r a p h i c  s e c t i o n s  were o b t a i n e d  from each i n g o t  t o  e n s u r e  
t h a t  c o n t r o l l e d  m i c r o s t r u c t u r e s  were of e u t e c t i c  composi t ion and a l i g n e d  
p a r a l l e l  t o  t h e  i n g o t  a x i s .  According t o  p r o j e c t e d  t e s t  specimen r e q u i r c -  
ments, t h e  s o l i d i f i c a t i o n  phase o f  t h e  program has  been s u c c e s s f u l l y  
completed.  
T e n s i l e  t e s t s  have been conducted from room tempera tu re  t o  1000°G 
u t i l i z i n g  s t a n d a r d  0.252 i n c h  d iamete r  specimens machined from c o n t r o l l e d  
i n g o t s .  S t r a i n  was measured a t  room tempera tu re  w i t h  an  ex tensomete r ;  hah!- 
e v e r ,  l a c k  of a  h i g h  t empera tu re  s t r a i n  gauge l i m i t e d  e l e v a t e d  t empera tu re  
e l o n g a t i o n  measurements t o  load v e r s u s  t o t a l  c rosshead  s e p a r a t i o n .  
Creep r u p t u r e  t e s t s  now i n  p r o g r e s s  a r e  be ing  conducted a t  c o n s t a n t  
load,  a t  600°C, 750'6 and 950°C on R e i h l e  and Dennison c r e e p  s t a n d s  out- 
f i t t e d  w i t h  funds provided d u r i n g  t h e  i n i t i a l  phase o f  t h i s  c o n t r a c t ,  
Creep s t r a i n s  a r e  b e i n g  measured a s  a  f u n c t i o n  of t ime a t  600°C with a 
p la t inum s t r i p  gauge f i x e d  t o  t h e  one inch  gauge l e n g t h  and moni tored by 
a  t r a v e l i n g  t e l e s c o p e .  
R e p r e s e n t a t i v e  f r a c t u r e  s u r f a c e s  from t h e  h o t  t e n s i l e  s e r i e s  have been 
p l a t e d  i n  a n  e l e c t r o l e s s  n i c k e l  b a t h  t o  g u a r a n t e e  r e t e n t i o n  o f  t h e  f r a c c u r e  
p r o f i l e  d u r i n g  m e t a l l o g r a p h i c  p r e p a r a t i o n .  The s t a n d a r d  m e t a l l o g r a p h i c  
procedure  employed c o n s i s t s  o f  rough p o l i s h i n g  through 6 p, and 1 LJ, d iamond  
pas te ,  and f i n a l  p o l i s h i n g  w i t h  a  Linde B s l u r r y .  Specimens a r e  Prvnersion 
e t c h e d  i n  modif ied Marbles r e a g e n t .  
P r e s e n t a t i o n  and D i s c u s s i o n  of P r e l i m i n a r y  R e s u l t s  
Hot T e n s i l e  R e s u l t s  
F i g u r e  1 i s  a  p l o t  o f  u l t i m a t e  t e n s i l e  s t r e n g t h  v e r s u s  t e s t i n g  t emper -  
a t u r e  f o r  a l i g n e d  Ni-Ni3Nb t e s t e d  p a r a l l e l  t o  t h e  growth d i r e c t i o n .  Note 
t h e  i n i t i a l  s t r e n g t h  i n c r e a s e  between room tempera tu re  and 500°C. I n  this 
r e g i o n ,  u l t i m a t e  t e n s i l e  s t r e n g t h s  a r e  a s  much a s  25% g r e a t e r  t h a n  values 
r e p o r t e d  by Quinn. Also shown a r e  t h e  t empera tu re  ranges  where de format ion  
response  was s e e n  t o  change.  For  example, uniform deformat ion  was noted 
below 600°C whi le  neck ing  o c c u r r e d  above t h a t  p o i n t .  T y p i c a l  schemat ic  
s t r e s s  s t r a i n  c u r v e s  a r e  shown f o r  t h e  un i fo rmly  deformed and t h e  necked 
specimens.  Also shown i n  F i g u r e  1 i s  t h e  t empera tu re  range where serrations 
were observed i n  t h e  s t r e s s  s t r a i n  c u r v e s .  E x p l a n a t i o n s  a r e  b e i n g  sought fur 
those  t empera tu re  dependent changes i n  mechanical  r esponse .  
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Figure  2 i s  a  p l o t  o f  u l t i m a t e  s t r a i n  a t  f r a c t u r e  v e r s u s  t e s t i n g  
t empera tu re .  Note t h e  l a r g e  s t r a i n s  (approximately  40%) r e p o r t e d  i n  t h e  
500°C t o  600°C r e g i o n  i n  s h a r p  c o n t r a s t  t o  t h e  s m a l l  v a l u e s  o b t a i n e d  by 
Quinn  (1-5%). The s h a r p  d e c r e a s e  i n  u l t i m a t e  s t r a i n  observed between 700°C 
and 800°C, i s  c o n s i s t e n t  w i t h  a  cor responding  d e c r e a s e  i n  u l t i m a t e  s t r a i n  
above 650°C a s  r e p o r t e d  by Quinn. 
Me t a l l o g r a p h y  
A p r e l i m i n a r y  m e t a l l o g r a p h i c  a n a l y s i s  has  been  conducted on r e p r e s e n t a t i v e  
h o t  t e n s i l e  specimens i n  an  a t t e m p t  t o  e x p l a i n  t h e  observed t r e n d s  i n  t h e  d a t a ,  
F igure  3a is  a  t y p i c a l  micrograph o f  a  room tempera tu re  f r a c t u r e  p r o f i l e  
i n d i c a t i n g  e x t e n s i v e  twin  boundary c r a c k i n g  o f  t h e  Ni3Nb p l a t e l e t s  a s  
r e p o r t e d  by Hoover. F i g u r e  3b is  a  micrograph o b t a i n e d  w i t h  p o l a r i z e d  
l i g h t  showing { l l 2 ]  twins  i n  t h e  i n t e r m e t a l l i c  phase o f  a  room t e m p e r a t ~ r e  
f r a c t u r e .  The p resence  o f  twinning,  d e p i c t e d  i n  F i g u r e  3b, i s  found te be 
un i fo rmly  d i s t r i b u t e d  throughout  t h e  gauge l e n g t h .  
Micrographs o b t a i n e d  from t h e  600°C specimen r e v e a l  a n  a p p a r e n t  t r a n s i t i o r i  
i n  de format ion  mode. F i g u r e  4a shows a  l o n g i t u d i n a l  s e c t i o n  o f  a 600°C fracture 
s u r f a c e .  Note t h e  absence o f  c r a c k s  i n  t h e  Ni3Nb phase and t h e  onse t  c f  
i n t e r f a c i a l  d e l a m i n a t i o n  a t  t h i s  t empera tu re .  F i g u r e  4b is  a  p o l a r i z e d  Eight 
micrograph d e p i c t i n g  t h e  appearance o f  twins  i n  t h e  600°C specimen. The 
twins  appear  more d i f f u s e  a s  compared t o  t h o s e  observed a t  room temperaf:ure, 
I n  a d d i t i o n ,  t h e  a p p a r e n t  d e n s i t y  o f  twins  v i s i b l e  w i t h  t h e  l i g h t  n i c r c s c o p e  
i s  g r e a t l y  decreased .  The behav ior  d e p i c t e d  f o r  t h e  600°C specimen Is a l s o  
observed i n  450°C and 560°C specimens.  It i s  hoped t h a t  c a r e f u l  metallography, 
perhaps  employing t e c h n i q u e s  such a s  phase c o n t r a s t  o r  e l e c t r o n  microscopy, 
w i l l  y i e l d  a  b e t t e r  p i c t u r e  o f  t h e  apparen t  t r a n s i t i o n  i n  de format ion  mode 
between room tempera tu re  and 600°C. 
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M e t a l l o g r a p h i c  o b s e r v a t i o n  of t h e  750°C specimen r e v e a l e d  f u r t h e r  
change i n  t h e  m a t e r i a l s  de format ion  response .  F igure  5 i s  a  composite 
micrograph of a  r e g i o n  a d j a c e n t  t o  t h e  f r a c t u r e  s u r f a c e  showing deformation 
markings i n  t h e  n i c k e l  phase and twins  i n  t h e  i n t e r m e t a l l i c  phase.  It has  
been observed t h a t  t h e s e  markings a r e  l o c a l i z e d  a d j a c e n t  t o  t h e  f r a c t u r e  
s u r f a c e ,  and it appears  t h a t  t h e y  e x h i b i t  a  c r y s t a l l o g r a p h i c  c h a r a c t e r ,  
F i g u r e  5 r e v e a l s  t h a t  t h e  markings i n  t h e  n i c k e l  phase a r e  a d j a c e n t  and 
p a r a l l e l  t o  twins  i n  t h e  i n t e r m e t a l l i c  phase.  Note t h a t  t h e  twins  i n  rhe 
Ni3Nb have reassumed t h e  appearance o f  room tempera tu re  twins .  I n  contrast, 
however, t h e  l a m e l l a r  s t r u c t u r e  d e p i c t e d  i n  F igure  5 was e x t e n s i v e l y  jogged 
d u r i n g  deformat ion,  a n  e f f e c t  f i r s t  observed a t  750°C (compare Figures 3 and 5)  
C r y s t a l l o g r a p h i c  a n a l y s i s  employing known X-ray o r i e n t a t i o n  d a t a  and t w o  
s u r f a c e  meta l lography  i s  now i n  p r o g r e s s  t o  i d e n t i f y  t h e  h a b i t  planes ( r f  
any)  of t h e  n i c k e l  de format ion  markings .  
Creep Rupture R e s u l t s  
P r e l i m i n a r y  r e s u l t s  o f  t h e  c r e e p  r u p t u r e  program a r e  shown i n  F i g u r e  6, 
Quinn" d a t a  a r e  p l o t t e d  f o r  comparat ive  purposes .  The u l t i m a t e  strain va lue s  
o b t a i n e d  i n  each r u p t u r e  t e s t  a r e  no ted  i n  F i g u r e  6 .  It appears  t h a t  & 
d u c t i l i t y  t r a n s i t i o n  i s  o c c u r r i n g  wi th  i n c r e a s i n g  t ime a t  600°C. It i s  
f e l t  t h a t  t h i s  t r a n s i t i o n  could  be r e l a t e d  t o  t h e  d u c t i l i t y  t r a n s i t i o n  noted 
i n  t h e  h o t  t e n s i l e  s t r a i n  r e s u l t s  shown i n  F i g u r e  2 .  E l o n g a t i o n  measure- 
ments o b t a i n e d  d u r i n g  t h e  c r e e p  t e s t s  have n o t  been analyzed t o  d a t e ,  
F u t u r e  Research 
A t  t h i s  p o i n t  i n  t h e  program, s e v e r a l  avenues f o r  f u t u r e  r e s e a r c h  a r e  
c l e a r l y  d e f i n e d .  A t t e n t i o n  w i l l  be d i r e c t e d  toward comple t ion  of t h e  m e t a l l o -  
g r a p h i c  examinat ion of t h e  h o t  t e n s i l e  specimens i n  hopes of a r r i v i n g  a t  an 
u n d e r s t a n d i n g  o f  t h e  complex deformat ion  behav ior  observed t o  d a t e ,  P a r t i c u l a r  
a t t e n t i o n  w i l l  be d i r e c t e d  towards unders tand ing  t h e  i n c r e a s e  i n  s t r e n g t h  
and d u c t i l i t y  between room tempera tu re  and 600°C, t h e  n a t u r e  of t h e  defornatEoa 
markings a t  750'6, and t h e  c a u s e s  of b o t h  t h e  d r o p  i n  d u c t i l i t y  above 70Q°C 
and t h e  secondary i n c r e a s e  i n  d u c t i l i t y  above 900°C. 
Creep r u p t u r e  t e s t s  c u r r e n t l y  i n  p r o g r e s s  should be  completed by 
October,  1971. P r e l i m i n a r y  d a t a  i n d i c a t e s  t h a t  e l o n g a t  ion  measuremenis a t  
600°C w i l l  p rov ide  v a l u a b l e  phenomenological  d a t a  p e r t a i n i n g  t o  t h e  e f f e c t s  
of s t r e s s  and r u p t u r e  l i f e  on t h e  minimum c r e e p  r a t e  of t h e  composi te ,  
It i s  p r o j e c t e d  t h a t  m e t a l l o g r a p h i c  a n a l y s i s  o f  c r e e p  r u p t u r e  specimens,  
h e n  combined w i t h  r e s u l t s  o f  t h e  h o t  t e n s i l e  s tudy ,  w i l l  y i e l d  valuable in -  
s i g h t s  i n t o  unders tand ing  t h e  e f f e c t s  o f  t ime and t empera tu re  on t h e  d u c t i l i t y  
t r a n s i t i o n  which appears  t o  be o c c u r r i n g  d u r i n g  b o t h  t e n s i l e  and creel?  rupcure  
t e s t i n g .  
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Figure 2: Ultimate Strain At Fracture As A Function 
Of Test Temperature. 
Figure 3. a )  Longitudinal p ro f i l e  of a room temperature 
t e n s i l e  f racture .  (The N i  phase i s  grey while 
t h e  Ni3Nb phase i s  white), 200X. 
b )  Polarized l i g h t  micrograph of 9123 type 
twins i n  Ni3Nb deformed i n  tension a t  rooin 
temperature, 530X. 
Figure 4. a )  Longi tudinal  p r o f i l e  of a 600° C t e n s i l e  
f r a c t u r e ,  200X. 
b)  Polar ized  l i g h t  micrograph obtained ald j aeent 
t o  a  600° C t e n s i l e  f r a c t u r e  d e p i c t i n g  twins 
i n  t h e  N i 3 N b  phase,  530X. 
Figure 5. White and po la r i zed  l i g h t  micrographs of t h e  
same reg ion  ad jacent  t o  a 750' C t e n s i l e  
f r a c t u r e  r evea l ing  t h e  r e l a t i o n  between Ni3Nb 
twins and N i  deformation markings. (Ni i s  
t h e  dark  phase a s  viewed i n  white l i g h t ) ,  530X- 

